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ABSTRACT

It is often necessary to explicitly confront cognitive limitations

in prescribing appropriate decision-making behavior. One aspect of this

general dictum is illustrated by showing that cognitively limited decision-

makers may justifiably express greater risk-aversion in solving local

problems than that allowed by current utility axioms. This occurs, for

example, where strong externalities do not allow a satisfactory formula-

tion of the event space. Consequently, the imposition of the expected

utility hypothesis may sometimes be counter-productive. It is recommended

that specific costs for risk be used to patch-up the "holes" in the choice

space created by such externalities.
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I . INTRODUCTION

My aim is to persuade management scientists, and social scientists

generally, of a specific need for modification of decision theory as a

prescriptive guide to real-world decision-making. The issue raised here

was raised and apparently resolved in the early nineteen-f if ties . It

reappears when one recognizes the necessity of explicitly confronting cognitive

limitations in a prescriptive theory of management.

Management science relies on the axiomatizations of microeconomics

and statistical decision theory for a normative view of good decisions.

These generally incorporate the expected utility hypothesis. By allowing

subjective utility to be a non-linear function of objective pay-offs, the

Von Neumann-Morgenstern (N-M) and the Savage axioms can be interpreted as

allowing a degree of risk aversion. My thesis is that in a world of limited

cognitive capability decision makers may justifiably express greater risk

aversion than is consistent with these axioms. Unless we recognize these

limitations, the empirical application of our normative approach may fail

to be of real service.

Decision-Theory

The primary source of present axiomatizations of the theory of

decision-making is the treatment given by Von Neumann and Morgenstern (19A7)

.

The specific axioms they note as required for utility functions are as

follows.

Consider a system U of entities u,v,w.... In U a relation u>v is

given, along with an operation au+(l-a)v=w, where a,3,Y'>' are real

numbers greater than zero and less than unity. These concepts are

That is, that the utility of a lottery au+(l-a)v is equal to a times

the utility of u plus (1-a) times the utility of v.





presumed to satisfy the following axioms:

Set Theoretic:

(3: A) u>v is a complete ordering of U

Topological:

(3:B:a) u<v implies u<au+(l-a)v

(3:B:b) u>v Implies u>au+(l-a)v

(3:B:c) u<w<v implies there exists an a such that au+(l-a)v<w

(3:B:d) u>w>v implies there exists an a such that au+(l-a)v>w

Algebraic

:

(3:C:a) au+(l-a)v=(l-a)v+au

(3:C:d) [a(6u+(l-3)v)+(l^)v] = [yu+(1-y)v] , where Y=ctS.
^

The entities may be interpreted as events and their combining

coefficients as probabilities. Savage (195A) extended this interpretation

to include subjective probabilities.

The general acceptance of the usefullness of these axioms has not

been without exception. In the early 1950 's the so-called Archimedean axioms

(3:B:c) and (3:B:d) were challenged. There have been many descriptive

challenges of (3:A), the complete ordering axiom, and a few normative

4
objections. Von Neumann and Morgenstern (N-M) themselves noted the

inability of their system to adequately treat a specific utility or disutility

for gambling. They suggested that alterations might have to be made in

(3:C:d), the axiom concerning the algebra of combining lotteries of events,

The equation numbering is from Von Neumann and Morgenstern. Of

course the axioms of logic and basic set theory -may also be presumed.

''see Thrall (1954).

For example, H. Simon's suggestion of the real-world usefulness of

satisficing represents such an objection. See Simon (1955).
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in order to do so.

Although there are a number of more recent axiomatic treatments of

decision theory, particularly in terms of mixture spaces, none of these

give up Axioms (3:B:a) and (3:B:b), the so-called axioms of monotonicity.

In the next section a class of occasions will be illustrated where monotoni-

city of preferences for lottery mixtures of events as perceived within

cognitively limited frameworks is of doubtful justifiability.

II. A REAL WORLD SITUATION

In the real world, cognitive limitations are inescapable for any

decision-maker. A valid prescription for the behavior of the decision-

maker may in some instances have to confront and deal with these cognitive

limitations. Let us informally describe an example.

Suppose that an individual decision-maker is faced with the possibility

of two events, X and Y, He may take a variety of actions (or follow a

variety of strategies), each of which may be expected to result in some

lottery aX+(l-a)Y, where 0<a<l. Based on local information, he prefers

(1)(X)+(0)Y to (0)X+(1)Y. What can we say about his preference for

intermediate lotteries? Is the answer obvious?

Suppose that the decision-maker is the manager of the production

department in a business organization. Event X represents having produced

1000 mini-computers for inventory in January. Event Y represents having

produced 100 mini-computers for inventory. Suppose this production manager

prefers X to Y because it results in favorable manufacturing efficiency

variances for the production department. Suppose there exists a sales

department, which similarly confronts events R and S, where R represents





sales of 1000 and S represents sales of 100. R is preferred to S within the

sales department because it results in higher sales commissions.

Suppose the ultimate preferences of the managers of both departments

are determined not only by their preferences based on local conditions

but also by rewards from top management which depend on the global performance

of the business organization.

Suppose that one may rank order the global performance of the organi-

zation according to the ordered pairs of certain (ex post) events as

follows:

(X,R)

(Y.S)

(X,S)

(Y,R).

That is, the local outcomes in the production and sales departments arr

complementary in producing global outcomes. One can think of this situation

as the confluence of two branches in a "means-ends tree". The local "ends"

are complementary "means" to a global "end". Suppose these decisions are

made at the beginning of the month, and that ex post global performance

affects rewards to the production manager only at the end of the month.

An aspect of the real world which is of crucial importance for our

example concerns the costs of communication between cognitively--liinited

decision-makers. If we assume these costs to be sufficiently low, we avoid

the issue of cognitive limitations altogether by permitting aggregations

of intelligence. Therefore, suppose that communication between the production

See Newell and Simon (1971)





and sales managers is limited by various costs, so that ve must confront a

limited information structure.

Now, one could pres-ume any of a fairly rich variety of limited

information structures. Each would reflect different types of cognitive

limitations. The following are a non-exhaustive list.

Condition A:

For example, the production manager could conceivably be unaware of the

nature of the sales department and global performance, but learn through

repeated monthly trials that those of his decisions associated with risky

lotteries of X and Y tended to be followed by decreased rewards from top

4A





6
management.

Condition B:

He may, on the other hand, be aware of the sales department but

unable to enumerate Its outcome set, and thus clearly unable to formulate the

global problem. Because of both practical (cognitive limitations) and

theoretical (there is no finite stopping rule) reasons neither the pro-

duction nor the sales manager views the sequence of monthly decisions as a

single problem, but rather as a series of distinct monthly problems whose

character may change through time. The production manager may, however,

know that the sales manager is similarly rewarded by top management based

on global performance, and that global performance depends in a comple-

mentary way on production and sales outcomes. Further, he may know that

past production outcomes have been very predominantly Y for a long enough

sequence for the sales manager's decisions to have come into complementary

equilibrium with Y through the mechanisms of Condition A.

Condition C:

The production manager may be in condition B, with the exceptions that

there is no history of stable past outcomes and that the sales manager is

perceived as able to formulate and solve the reduced global problem incor-

porating a fixed lottery of X and Y. That is, the sales manager is assumed to

be able to coordinate his activities with production on the basis of communi-

cation of one period's production outcome lottery. Note, however, that

even the sales manager is still not assumed to be able to formulate the full

See Estes (1954),





global problem.

Conditions A, B, and C each lead to the following argument.

Let us consider the production manager's justifiable preferences for various

outcome lotteries of X and Y and thus for various activities which will

produce these lotteries. Suppose his reward from top management varies

positively and monotonically with global performance. Lotteries where X

and Y are both likely will increase the probability of global outcomes

(X,S) and (Y,R), decreasing his rewards from top management. Thus, the

production manger will be justifiably risk averse. Possibly the trade-off

between changes in local rewards and changes in the rewards from top

management will be such that his degree of risk averseness may be accomodated

within the framework of monotonicity. In such a situation, represented

in Figure I, his risk-averseness may be represented by a curved but always

increasing utility curve for certainty lotteries.

In general, however, the differences in global performance between outcome

pairs (X,R) or (Y,S) and (X,S) or (Y,R) may be arbitrarily large. Consider

Condition A. The change in reward from top management stemming from

global performance will, beyond some point, outweigh the purely local

considerations of favorable production efficiency. Consider Conditions B

and C. Suppose the production manager believes that the complementarities,

without knowing their nature, between production and sales are sufficiently

strong so that any substantial probability of uncoordinated behavior will

produce negative rewards from top management which will outweigh local

preferences.

We see that in each of these conditions. A, B, or C, the production

manager may justifiably be more risk averse than is consistent with the
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N-M axioms, without being able to formulate the global problem. That is, the

production manager, even though he prefers (1)X+(0)Y to (0)X+(1)Y, will pre-

fer both to (a)X+(l-a)Y for some a. Thus the management scientist's attempt

to empirically construct a utility function for lotteries of X and Y will fail,

and the alternative of enlarging the problem will not necessarily be possible.

III. DISCUSSION

The well-trained management or social scientist will, of course, immedi-

ately raise an objection to this example. He will note that the difficulty

lies in misspecification of the outcome event space. Thus, he will disavow

any threat to the expected utility hypothesis. In such situations, the proper

application of statistical decision theory requires taking the global view-

point. But, comes our reply, what if the decision-maker, because of cognitive

limitations, as in Conditions A, B, or C, cannot take a global viewpoint?

Well, says the scientists, statistical decision theory is normative, not

descriptive. Again, we reply, what should the decision-maker do ? Perhaps,

he weakly says, the theory is not always prescriptive. And therein lies my

thesis, which parenthetically, is not original. Savage (1954) noted the

problem at some length; also, the presumption of the absence of externalities

was discussed in passing by Samuelson (1952) . .

See Savage (195A, pp. 82-88). Samuelson (1952, p. 677) also raises the
problem: "In what dimensional space are we 'really' operating? If every time
you find my axiom falsified, I tell you to go to a space of still higher
dimensions, you can legitimately regard my theories as irrefutable and
meaningless." But then he goes on to say that the necessary freedom from
externalities may be a reasonable approximation in most cases of interest to

economics. See also Wold (1952) and Samuelson (1952) for an early recog-
nition that time sequences of local choices may represent global problems of
a similar nature. My arguments with respect to "cross-sectional" local versus
global difficulties may all be transposed into a discussion of Individual
decisions in stochastic processes.





Unfortunately, the absence of externalities as a restriction on the

N-M or Savage axioms' applicability seems to have been little noticed

by those who have followed. The possibility of externalities interfering

with attempts to empirically measure subjective utilities and subjective

o

probabilities has been largely overlooked. Apparently, only Savage noted

the problem of practically locating appropriate microcosms within which the

axioms would hold— that is, those with no strongly interfering externalities,

or those with "strong independence."

Work in Utilities for Multi-dimensional Attributes

There exists a considerable body of theoretical, and some empirical,

work which might be confused with our topic. This existing body of know-

9
ledge deals with evaluating multi-dimensional consequences under uncertainty.

Its major thrust is to show under what conditions utilities for single

attribute choices can be combined to give utilities for multi-attributed

choices. The conditions first described included a restriction to

situations where global utility depends only on marginal probability distri-

butions over each attribute and not on joint probability distributions over

more than one attribute. That is, there is no complementarity. However, in

recent years, a theory of additively separable utility functions has been devel-

oped which permits the empirical evaluation of global utility from individual

Q
See Grayson (1960), Raiffa (1961), Davidson, Suppes, and Siegel (1957),

Mosteller and Nogee (1951).

^See Keeney (1969), Fishburn (1964, 1967), Gorman (1959). This theory

can also be applied to certain sequential as well as cross-sectional
problems

.





attribute utilities in certain cases where there is a simple form of comple-

mentarity. Keeney (1970) has noted that many of the difficulties encountered

empirically in attempting to apply "decision analysis" stem from problems

in trying to construct what I would call global utility functions. However,

he takes a very different approach than the present. In our production and

sales examples, he would show under what conditions local utility functions

in the production and sales departments might be combined to produce a

global utility function. On the other hand, 1 have not assumed the existence

of either local or global utility functions, and am in fact specifically

attacking the empirical and axiomatic basis under which one is led to

assume the existence of local utility functions.

Such work as that by Keeney may be useful in gaining some insight into

when our problem will be severe. Clearly, under conditions of additlvely

separable utility and the existence of a global utility function, we now know

that local utility functions are possible . However, in a practical sense we

have not come very far in determining, in Savage's terms, appropriate

microcosms. Still less do we know what to do when we are stuck with an

inappropriate one.

The Generality of the Potential Difficulty

Complementarities are characteristic wherever two distinct means are

used jointly to obtain a given end. Decentralization of some decision-

making activity to separate, cognitively-limited decision-makers governing

these means is also omnipresent, again because of cognitive limitations.

One is hard put to think of any outcome to a real world decision that could

not be viewed as a partial means to a more global end. Thus, the existence

10





of unavoidable externalities In applying local decision-theoretic analysis is

extremely widespread, if not universal. For us as management scientists,

a key empirical issue in applying decision analysis is determining whether

these externalities are sufficiently strong to make unjustifiable the

Savage axioms' application. This is an unsolved problem. However, general

considerations suggest that we look for problems where a high degree of

cognitive capability can be brought to bear on a small problem domain

buffered in some way from strong externality feedbacks.

IV. ANOTHER SITUATION OF SPECIAL INTEREST

Game theory is based on the N-M axioms regarding preferences on

outcomes. Suppose we regard the outcome of a game in terms of (A,0) pairs,

where A is the action or strategy followed and is the conventionally

defined payoff lottery given mini-max conditions. Let us regard the decision-

maker's preferences for the O's as satisfying the N-M axioms, including

mono tonicity. What conditions will the decision-maker's preferences for

various A's satisfy? We know game theory shows that for many games the

decision-maker will normatively prefer a mixed strategy. That is, he will

prefer a risky lottery of strategies to his most preferred pure strategy.

Clearly, then, his preferences for the A's will not satisfy the monotonicity

condition imposed on his preferences for the O's. One could even say he

had a utility for gambling. Specifically, N-M Axiom (3:B:b) is violated for

the A's, though not for the (A,0) pairs.

Are there real-world cases where the decision-maker can formulate the

problem in terms of the A's, but not in terms of the (A,0) pairs? Suppose

11





that the analysis of the game structure which led to preferences for (A,0)

pairs and thus for A's is forgotten, but that the result, that is, a prefer-

ence ordering over the A's, is remembered. Or suppose one individual analyzes

the game and tells another what to do. Then the result is obvious. Some,

of course, would object to the use of strategies as events over which one

is presumed to have preferences. This objection, however, implicitly

presumes that one can recover the outcome space and game structure for

which strategies are means. In a world of cognitive limitations, this

recovery is not always feasible.

The (A,0) event space can be used to further illuminate our earlier

production-sales case. Consider Condition A. Let us further suppose that

the production manager can formulate his local problems in terms of (A,0)

pairs, where the A are lotteries of X and Y, and where the are themselves

ordered pairs (A,T), where T are top management reward events. That is, we

restrict ourselves to the case where the can be effectively described,

in the way that the global outcome space could not be. Finally, we need

not assume, as in the earlier game example, that the association between the

A and has been forgotten.

First, suppose the manager can formulate the problem in terms of the (A,0)

or of the 0, in accordance with the N-M or Savage axioms. By formalism, we

have in this case indeed altered the problem to that of multi-dimensional utilities

because is multi-dimensional. Again, however, lest we jump to the conclusion

that we have reached familiar ground, note that we have no assurance of the

existence of a local utility function for the X,Y lotteries, (or even for the

T) . And clearly, nothing has changed with regard to the inapplicability of the

12





expected utility hypothesis to these X,Y lotteries.

Second, we have again the problem of worrying about cognitive limits

in defining the problem. How can we be sure in practice that the (A,0)

problem, now defined necessarily in an even more personal way, may not be

local with respect to still more global personal problems of the production

manager ? Again, the argument is recursive.

V. IMPLICATIONS FOR THEORY

Currently, normative theory for individual decisions and microeconomics

rest on the same base.

Existing non-deterministic microeconomics, including market and price

theory, are built to some extent on a foundation of individual cardinal

utilities for bundles of goods and services, which in turn rest indirectly

on the Von Neumann-Morgenstern derivation of cardinal utility functions

based on their axioms for preferences for lotteries. If one takes seriously

the problem of externalities induced by necessary cognitive limitations the

axiom of monotonicity or strong independence for individual decisions must be

eliminated. In order to save non-deterministic microeconomics, one may

repair these foundations at either of two points. The first of these could

conceivably serve as a basis for weak, normative views on individual decisions.

Individual utility can be reconstructed based on the notion of

axiomatizing the ability to directly compare differences (or similarities)

in preferences. That is, suppose X>Y and X>Z. If it is possible to rank

order these pairs in terms of the degree to which the first event is preferred,

and if other plausible axioms are presumed, cardinal utility functions can

13





be derived. For example, if X>Y more strongly than X>Z, it is possible

to deduce that the utility of Y is closer than that of Z to the utility

of X, etc.

In the nineteen fifties, this axiomatization of cardinal utility was

rejected in favor of the N-M approach. It was reasoned then that the

comparison of strengths of preference was a less natural operation than the

ability to express preferences for lotteries which satisfied the N-M

axioms. However, as more recent experience in non-metric multi-dimensional

scaling has shown, decision-makers experience little difficulty in ranking

event pairs in terms of similarities of attributes. This should extend

readily to ranking event pairs in terms of similarities of preferences and

thus naturally operationalize the necessary axiom. In allowing multi-dimen-

sional operationalization, there would also be benefits in dealing with

multi-dimensional utilities, both of: the well-behaved Keeney variety, and of

the ill-behaved variety such as arise from lexicographic ordering.

Though convenient for the foundations of non-deterministic micro-

economics, such a theory might not, however, be very useful as a normative

theory for individual decision-making. First, much of the normative

content of the Savage axioms would have been removed; second, the complexities

of empirically measuring subjective utilities and probabilities under the

new axiom set would be rather cumbersome.

Though not if only adjacent differences are compared. See Samuelson
(1947), Georgescu-Roegen (1954), and especially the later literature on the

related issue of non-metric multi-dimensional scaling, for example, Shepard
(1962) and Kruskal (1964).

"'"'See Thrall (1954).
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The other possible point of fundamental reconstruction in non-deterministic

microeconomics is in the development of the theory of markets without depending

on cardinal utility functions for individuals. This makes sense in view of the

role markets play in relaxing the constraints of individual cognitive

limitations. The new theory would explain how many individual decisions Eiade

"irrationally" are aggregated into "rational" social decisions by the market

mechanism. Of course I mean by "rational" merely a conformance to the

existing theorems of microeconomics. Such a reconstruction would represent

a great advance in theoretical sophistication. Thus, this task would not

be so easy as patching up individual utility theory.

VI. IMPLICATIONS FOR POLICY ADVISEMENTS

Management scientists, along with economists, in particular, presuppose

global theoretical frameworks on real-world policy which exists in microcosms.

This happens not only in operations research but even in fairly broad

economic cost-benefit studies. In all of these situations, externalities are

present which are too complex to be fully incorporated in the analysis.

When their effects are strong, they may invalidate the current basis for

decision analysis by making unjustifiable the Savage axioms as applied to

local problem formulations.

Sometimes the policy-maker or manager protests our approach, but he

can't put his finger on the source of his intuition of unreality. Yet we,

in our hubris , deride his "irrationality". And we wonder why our services

are not sought for more vigorously.

The unpopular lesson that I would draw is this. Until we learn how

to more effectively incorporate necessary cognitive limitations in our

decision theory, we should slow in extending its norms and methods to the

15





realm of individual decision-making. Where market mechanisms relieve

cognitive constraints, we may proceed with a little more confidence, but

even there it would be inappropriate to close our eyes to further diffi-

culties.

What can we, as management scientists, do until more progress is made

toward effective theoretical recognition of cognitive limits is made?

First, one can concentrate on analyzing situations where large cognitive

resources can be concentrated on a domain relatively free of important

externalities. Second, when evalaating statistical decision trees where

serious externalities are unavoidable, it may be wise to face up to our

cognitive limits by incorporating a specific cost or benefit to risk in the

analysis

.
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